Abstract: Background and objective: Gout is a common form of inflammatory arthritis caused by the crystallization of uric acid. Previous studies have demonstrated that the genetic predisposition of gout varies in different ethnic populations. However the association study of genetic variants with gout remains unknown in the Vietnamese population. Our study aimed to assess the relationship between polymorphisms in ABCG2 and SLC22A12 and gout susceptibility in Vietnamese. Materials and methods: Genomic DNA was extracted from blood of a total of 170 patients with gout and 351 healthy controls. We genotyped single nucleotide polymorphisms (SNPs): rs72552713, rs12505410 of the ABCG2 gene and rs11231825, rs7932775 of the SLC22A12 gene using polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) and then confirmed 10% of randomly selected subjects by Sanger sequencing. Results: Three SNPs (rs72552713 and rs12505410 and rs11231825) were in accordance with Hardy-Weinberg Equilibrium (HWE) (p > 0.05) while rs7932775 was not (p < 0.05). For rs72552713, CT genotype was significantly different between gout patient and control groups (p < 0.001) and the T allele was associated with an increased risk of gout (OR = 21.19; 95% CI: 3.00-918.96; p < 0.001). Serum uric acid and hyperuricemia differed significantly between CC and CT genotype groups (p = 0.004 and 0.008, respectively). For rs11231825, a protective effect against gout risk was identified in the presence of the C allele when compared with the T allele (OR = 0.712; 95% CI: 0.526-0.964 p = 0.0302). In contrast, no significant difference of allele frequencies between gout patients and controls was detected for rs12505410 (p > 0.05). However, significant differences in serum uric acid and systolic blood pressure were obtained among gout patients. Conclusion: Our results suggest that ABCG2 rs72552713 and SLC22A12 rs11231825 are likely associated with gout in the Vietnamese population in which T allele may be a risk factor for gout susceptibility.
Introduction
Gout is a common form of inflammatory arthritis resulting from high levels of serum uric acid (SUA), which can form needle-like crystals in joints. Patients with gout experience substantial pain, redness, warmth and swelling. Gout was reported with an average prevalence of 0.1-10% in the world [1] . In Vietnam, according to the Community Oriented Program for the Control of Rheumatic Diseases (COPCORD) gout prevalence is about 0.14% in Hanoi, the capital city with a population size of about 8 million [2] . With this prevalence level, for the whole country of about 96 million people, the number of gout patients might be tens of thousands. In addition, since the development of gout is not only triggered by environmental factors but also by genetic variants [1] , study on the association of genetic variants with gout risk in Vietnamese population is of great interest. Over the last two decades, genome-wide association studies and meta-analyses have identified several genes associated with gout susceptibility, including ATP-binding cassette subfamily G member 2 (ABCG2) and solute carrier family 22 member 12 (SLC22A12) [3, 4] .
ABCG2, located on chromosome 4q22.1, contains 16 exons spanning over 66 kb. The gene encodes a membrane transporter belonging to the ATP-binding cassette superfamily of membrane transporters, which participates in the trafficking of biomolecules across cell membranes. The ABCG2 protein was first reported to be a xenobiotic transporter that plays a role in the multidrug resistance phenotype of a specific human breast cancer [5] . It is also a high-capacity urate exporter for uric acid excretion in the kidney, liver, and gut [6] . Q141K mutation in the ABCG2 gene encoded by the common SNP rs2231142 has been shown to cause a 53% reduction in urate transport rate [7] . Patients with dysfunctional variants in ABCG2 were identified to present symptoms onset 6.5 years earlier than those with the wild-type variant, indicating genetic effects of these variants on gout [8] . Furthermore, several ABCG2 variants have shown to be associated with gout risk and high SUA in different populations. For examples, rs2231142 is associated with increased SUA levels in American, Dutch, European, Japanese, Chinese, Croatian populations [9] [10] [11] [12] [13] while rs2199936 is associated with increased SUA levels and gout risk in Croatian American, Dutch and Icelandic populations [13, 14] .
SLC22A12, encoding urate transporter-1 (URAT1), consists of 10 exons spanning about 11 kb. URAT1 is a urate-anion exchanger that is expressed mainly in the kidney and localized to epithelial cells of the proximal tubule in the renal cortex [15] . Mutations in the SLC22A12 gene were identified in patients with renal hypouricemia, causing reduced uric acid levels in the blood [16, 17] . Although functional consequences of SLC22A12 polymorphisms have not been fully characterized, several SLC22A12 variants, including rs475688, rs7932775, rs382507, rs57606, rs7932775 rs11231825 and rs11602903, have been linked to elevated SUA and gout susceptibility [18, 19] .
While the role of genetic variants of ABCG2 and SLC22A12 in the gout pathogenesis has been reported, substantial inconsistencies and certain discrepancies in multiple populations of European and Asian ancestries exist due to the effect of various genes and different genetic backgrounds. It is unclear whether these genes have the same effect in the Vietnamese population, which has different genetic and socio-economic backgrounds. To understand of the relationship between these genes and gout we conducted a case-control association study of ABCG2 rs72552713, rs12505410 and SLC22A12 rs11231825, rs7932775 in the Vietnamese population.
Materials and Methods

Study Subjects
A total of 521 subjects including 170 male patients with gout and 351 healthy controls were enrolled at the Nguyen Trai Hospital, Vietnam during 2016-2017. Gout patients were diagnosed in accordance with the criteria of the American College of Rheumatology [20] . Controls were males, and age-matched healthy individuals, recruited randomly for annual health check with no family history of diabetes or gout. All subjects gave written informed consent before blood collection. Clinical data and laboratory parameters for all subjects were recorded by rheumatologists, including serum levels of GLU (glucose), SUA (serum uric acid), TG (triglyceride), BUN (urea nitrogen), ALT (alanine aminotransferase), AST (aspartate transaminase), CREA (creatinine), HDL-C (high density lipoprotein-cholesterol), LDL-C (low density lipoprotein-cholesterol), CRP (C-reactive protein), WBC (white blood cell count) and age, height, weight and blood pressures. Body mass index was calculated based on the body weight in kg over height square in meter (kg/m 2 ). Hyperuricaemia was defined by an abnormally elevated blood level of uric acid, commonly higher than 7 mg/dL in men and 6 mg/dL in women. 
SNP Genotyping
Peripheral blood samples were collected for genomic DNA extraction, using a DNeasy blood and tissue kit (Qiagen, Hilden, Germany) according to the manufacturer's protocols. To genotype SNPs of ABCG2 (rs72552713 and rs12505410) and SLC22A12 (rs11231825 and rs7932775), polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) was performed using specific primers. The primers designed using Primer 3 software were listed in Table 1 . PCR products were digested with restriction enzymes RsaI, NsiI, BclI and Eco130I for rs72552713, rs12505410, rs11231825 and rs7932775, respectively. To verify the results obtained from PCR-RFLP, 10% of subjects were randomly selected for direct sequencing using ABI PRISM 3500 genetic analyzer (Applied Bio-systems, Carlsbad, CA, USA). The obtained sequences were compared to ABCG2 and SLC22A12 sequences published in GenBank with respective accession numbers NM_004827 and NM_153378. The results showed that there was 100% concordance of observed genotypes obtained from PCR-RFLP and Sanger sequencing in the samples checked. 
Statistical Analyses
We used SPSS version 23 (IBM, New York, NY, USA), Microsoft Excel (Microsoft Corp., Washington, DC, USA) for statistical analyses. Chi-squared test (χ 2 ) was used to test whether allele distribution of each SNP follows Hardy-Weinberg Equilibrium (HWE). To test three models (additive, dominant, recessive) for associations of the studied SNPs with categorical variables (gout and hyperuricemia), Fisher's exact test was used for SNPs with expected sample sizes less than 5 and Chi-squared test for those with larger expected sample sizes. The normality of data distribution was checked by using the Shapiro-Wilk test. Associations of each SNP with other quantitative variables were assessed using the Mann-Whitney U or Kruskal-Wallis tests since the data distributions were not normal. The odds ratios and 95% confidence intervals were calculated based on the formula described by Szumilas in 2010 [21] . All of the statistical tests were two-sided. p < 0.05 was considered statistically significant.
Results
Comparison of Clinical Characteristics between Gout Patient and Control Groups
A total of 521 subjects including 170 gout patients and 351 controls with demographic and clinical data described in Table 2 were recruited for this study. The most striking differences between gout patient and control groups were SUA and hyperuricaemia with p values less than 0.001. The controls had lower weight, BMI, CRP levels, LDL-C levels and TG levels than the gout patients (p < 0.05). In contrast, there were no significant differences in age, height, ALT levels, AST levels, BUN, CREA levels, diastolic BP, systolic BP, GLU levels, HDL-C levels and WBC between the two groups (p > 0.05) ( Table 2 ). (2) ALT (alanine aminotransferase), AST (aspartate transaminase), BMI (body mass index), BUN (blood urea nitrogen), BP (blood pressure), CREA (creatinine), CRP (C-reactive protein), GLU (glucose), HDL-C (high density lipoprotein-cholesterol), LDL-C (low density lipoprotein-cholesterol), SUA (serum uric acid), TG (triglyceride) and WBC (white blood cell count); Data presented as either counts (percentage) * or median (interquartile range); n: number of individuals in group; (1) 
Genetic Analysis of ABCG2 and SLC22A12 SNPs
Polymorphisms of ABCG2 (rs72552713 and rs12505410) and SLC22A12 (rs11231825 and rs7932775) were genotyped for all studied subjects. Among the four SNPs, the genotype distributions of rs72552713, rs12505410 and rs11231825 were in accordance with HWE (p > 0.05) ( Table 3) while rs7932775 was not (p < 0.05). The minor allele frequency (MAF) of ABCG2 rs72552713 in the gout group was much higher than that in the control group, implying a correlation between this risk allele and disease susceptibility. Other SNPs did not show clear discrepancies of MAFs when compared between the two groups.
Statistical analyses were performed on three models of minor alleles (additive, dominant and recessive). For ABCG2 rs72552713, the association of genotypes with gout was tested in only the dominant model because TT genotype was not present in the studied population. A significant difference of CT genotype between gout patient and control groups was detected when compared with CC genotype (p < 0.001) and T allele was associated with an increased risk of gout (OR = 21.19, 95% CI: 3.00-918.96, p < 0.001) ( Table 4 ). In contrast, no significant difference in allele frequencies between gout patient and control groups was found for ABCG2 rs12505410 in all three tested models (p > 0.05). For SLC22A12 rs11231825, a significant difference of genotypes was obtained in the additive model (p = 0.021). Both gout patient and control groups had high frequencies of TT genotype with 58.2% and 52.1%, respectively. The frequency of CC genotype differed significantly between the two groups and was associated with a decreased risk of gout (OR = 0.272, 95% CI: 0.103-0.717, p = 0.005) compared to the TT genotype. No significant difference of TC genotype between the two groups was obtained in comparison to the TT genotype (p = 0.631). Similarly, in the recessive model the CC genotype was linked to a reduced gout risk when compared to the combination of TT + TC genotype group (OR = 0.283, 95% CI: 0.108-0.736, p = 0.006); the C allele lowered gout susceptibility (OR = 0.712, 95% CI: 0.526-0.964, p = 0.0302) in comparison to the T allele. We did not conduct genetic association tests for SLC22A12 rs7932775, because its genotype distribution among the whole studied population did not follow HWE (p = 0.003). (2) 95% CI: 95% confidence interval of odds ratio; p-values calculated by either Fisher's exact test (1) or Chi-squared test (2) ; p < 0.05 (in bold) indicates statistical significance; OR: Odds ratio.
Association of SNPs Genotypes and Clinical Characteristics among the Studied Population
For ABCG2 rs72552713, SUA levels were higher in CT genotype than in CC genotype group in a dominant model, suggesting T allele was a risk factor for increased SUA levels (p = 0.004) ( Table 5 ). There was also a significantly higher frequency of hyperuricemia in the CT genotype than in the CC genotype group (p = 0.008). For SLC22A12 rs11231825, CC genotype had lower levels of SUA when compared to the combination of TT + TC genotype group in a recessive model (p = 0.018) ( Table 5 ). In contrast, ABCG2 rs12505410 genotype groups were not correlated with both SUA levels and hyperuricemia (p > 0.05). (1) or Chi-squared test (2) ; p < 0.05 (in bold) indicates statistical significance.
Analysis of Genotype and Phenotype Correlation in ABCG2 rs12505410 among Gout Patients
Significant differences in SUA levels and systolic BP were obtained in the recessive model (TT + TG/GG) (p = 0.003 and p = 0.045, respectively) (Table 6 ). Moreover, SUA levels were significantly different when gout patients were divided into TT, TG and GG genotype groups (p = 0.011). However, CREA, CRP and diastolic BP did not differ significantly among these groups (p > 0.05). 
Discussion
Gout is often associated with many risk factors like high protein, alcohol, drugs, obesity, hypertension and hyperuricaemia [22] . Consistent with previous studies, we found associations of SUA, hyperuricaemia, weight, BMI, LDL-C, and TG with gout [22, 23] . Moreover, we found higher levels of CRP in gout patients than in the control group. This finding is likely due to the fact that most gout patients were experiencing acute inflammation at the time of giving their blood samples.
Genome-wide association studies and meta-analysis have identified several genes associated with gout susceptibility [3, 4, 24, 25] . Among these, ABCG2 and SLC22A12 genes are known risk factors for gout in different populations. The prevalence of gout is increasing in Vietnam as the population becomes more overweight and obese [26, 27] . However, to our knowledge, no study has assessed the association between these two genes and gout susceptibility in the Vietnamese population. Common genetic variants of the ABCG2 gene, such as C376T, have been strongly associated with gout risk in various populations [24, 28, 29] . The C376T mutation changes a glutamine to a stop codon Q126X, referred to as rs72552713, which is a stop-gained variant and causes the loss of ABCG2 protein function. In accordance with previous reports, we found a significant association between ABCG2 rs72552713 and an elevated risk of gout in the Vietnamese population [11, 30] . Furthermore, the levels of SUA were higher in CT heterozygous carriers than in CC homozygote carriers [31] . This variant was also correlated with hyperuricemia and high SUA levels [31] . However, our finding is different from a study of gout in the Han Taiwanese population where rs72552713 was not associated with SUA levels [32] . Given the multifactorial pathogenesis of gout, this inconsistency might be due to genetic backgrounds of different populations, different socio-economic status and lifestyle. Additionally, we assessed another rare variant of the ABCG2 gene, rs12505410. This SNP was not only found to be associated with gout susceptibility and high SUA levels in the Han Chinese population [33, 34] but also with cancer susceptibility [35, 36] . In contrast, we did not find any correlation between rs12505410 and gout risk but obtained significant associations between the SNP and SUA levels and systolic BP among gout patients when divided into different genotypes. Future studies should aim to determine the impact of ABCG2 rs12505410 on systolic blood pressure in larger/genetically different populations as well as the mechanism of this effect.
The SLC22A12 gene encodes urate transporter 1 (URAT1), which is the main transporter involved in uric acid reabsorption in the luminal membrane. Different loss-of-function mutations or variants in the SLC22A12 gene have been identified in patients with renal hypouricemia (lack of serum uric acid) [15] [16] [17] 37, 38] . On the other hand, SLC22A12 rs11231825 has been shown to be associated with reduced renal urate excretion and hyperuricemia in German and Han Chinese populations [19, 39] . In the present study, rs11231825 was correlated with elevated SUA levels (p = 0.018) but not with hyperuricemia (p = 0.076). The allele associated with an increased risk of hyperuricemia for both the German and the Han Chinese populations was the "T" allele. In Vietnamese population, under a recessive model, the SUA levels of the combination of TT + TC genotype group were higher than that of CC group (p = 0.018). Although hyperuricemia was not significantly different between (TT + TC) and CC genotype groups (p = 0.076) carriers of one or two "T" alleles had a higher risk of hyperuricemia when compared to CC carriers (63.1% and 48.7%, respectively). Similar to our results, Tabara and co-workers showed that carriers of one or two "T" alleles had higher SUA levels than CC carriers in Japanese population (TT/TC/CC: 5.3 ± 1.4/5.0 ± 1.4/4.5 ± 1.6 mg/dL, p = 7.6 × 10 -20 ) [16] . Furthermore, similar to our study in both additive and recessive models, Torres et al. showed that carriers of one or two minor alleles "T" increased risk of gout in Spanish population (OR = 1.631, 95% CI: 1.038-2.561, p = 0.0326) [40] . Interestingly, to our knowledge, our result provides an evidence of the association between SLC22A12 rs11231825 with gout susceptibility in an Asian population.
Limitations of the Study
Our study had several limitations that should be taken in account. First, the sample size was not sufficient to confirm potential association between two of the SNPs (rs7932775 and rs12505410) and gout risk in the Vietnamese population. Second, all gout patients and healthy controls were recruited from the same hospital. Therefore selection bias could have contributed to the results. In spite of these restrictions, our study was the first to reveal associations between SNPs (rs72552713 in ABCG2, and rs11231825 in SLC22A12) and gout among Vietnamese. These SNPs should be considered when constructing predictive model for early detection of gout in Vietnamese population. While several studies have reported the relationship between ABCG2 and SLC22A12 variants and gout in various ethnic populations, to our best knowledge, the current study was the first one to investigate the genotype distributions and effects of these SNPs on the Vietnamese population.
Conclusions
In addition to previous reports in different populations, our results provide more evidence on the association of ABCG2 rs72552713 and SLC22A12 rs11231825 with gout and serum uric acid in the Vietnamese population. Additionally, we found that ABCG2 rs12505410 had signification differences of genotypes in serum uric acid levels and systolic blood pressure among gout patients. Further investigation should be implemented to obtain more information on the association of ABCG2 and SLC22A12 SNPs or other different genetic variants with gout. 
